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Cement and Cementing:
An Old Technique With a Future?

LlemeHTHbIM pacTBop 1 LiemeHTMpoBaHKe:
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Outline / CogepxaHue

« Cement * LlemeHTHbIN pacTBop
. Cementing: a necessar * LlemeHTnpoBaHue: Heobxoanumoe
- J y 3107
evil?
. | * AnbTepHaTVBHbIE METOAD!
* Alternative isolation A30NALIMM
techniques + Tpo6nembl COBPEMEHHOI
* Today's well challenges CKBaXKMHb!
— MHorocTopoHHee

— Cement versatility

Well architecture tool for th NCnonb3oBaHNe LiEMEHTA
= AICNECHLIe OTre MNHCTPYMEHT NOCTPOEHNS

future CKBaXWHbI By ayLLero



Cement/ LlemeHTHbIV pacTBOp

Material and Regulations
MaTepuan n HopMaTuBbl



Portland Cement
Hydraulic binder qupasnmg?(anaHﬂ. LHEMEHT

BSIKyLLiee BeLLECTBO

Suspension (paste or
sIurry) for p|acement CyCFIeH3l/IFI Strength development test (neat class G)
(nactoobpasHas Macca Uim Xuakui
LLEMEHTHbIA pacTBOp) Ans
pasMelLLEeHNS

Controllable setting
KOHTpOJ‘II/IpyeMoe CXBaTblBaHWE

Solid / Teepmoe BeLecTBO
— Strong / T'ycToe

— Impermeable /
HenpoHuuaemoe

Inexpensive / Hepoporoe

Available everywhere  /meeTcs
NoBCloAY
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History of Qilfield Cement
McTopuns passuta NPOMbICNOBOMO LIEMEHTA

Before our era [lo HaLuei 3pbl

— Clay, lime — [nuHa, n3BecTb
Ca(OH)2 + CO21CaCO3 Ca(OH)2 + CO21CaCO3
Roman times o Jrnoxa pMMCcKon nMnepum
— Pozzolanic cements — [yuuonaHoBbIit LieMeHT
1824 Portland cement + 1824 r.: TopTnanpLemeHT
_ Selected raw materials — OtobpaHHblE CbipbEBbIE MaTepuansbl

* 1903 r.: icnonb3oBaHue
noptnaHaueMeHTa B HEPTSAHbIX
CKBaXXMHax

* 1917 r.. "TpoMbICnOBbIE” LIEMEHTHbIE
pacTBopb|

1903: Portland cement in ol
wells

1917: “Qilfield” cements



History of Qilfield Cement
WcTopusa pa3snuTus NPOMbICIIOBOMO LIEMEHTA

API created 20 Mar 1919
1940: ASTM Types 110 5

1948: API Code 32 released
— Became APl RP10B in 52

1952: 6 classes of cement
1953: API Std 10A

API Spec 10Ain 72

1ISO 10426 since 2000

CosnaHwve API 20 mapTa 1919.
1940 r.: Tunbl ASTM oT 1 10 5

1948 r.: BoinyweH API Kog 32
— Cran APIRP10B B 52

1952 r.. 6 Knaccos LleMeHTa

1953 r.: APl Std 10A

API| Spec 10AB 72

1ISO 10426 ¢ 2000 r.



Cement Types
TWMbl LEMEHTHBIX PAaCTBOPOB

* Construction cements « CTpouTenbHbIN LEMEHT
— Common cement — OObIYHbIV LEMEHT
— APl classes A, B, C ~ APl knaccel A, B, C
. Retarded cements * LlemeHT ¢ 3amefneHHbIM CPOKOM
CXBaTbIBaHNS
— Deeper wells
— bonee rnybokune ckBaXuHsbl
B Classes. D.EF | — Knaccwl D, E, F
— Pressurized consistometer _ KoHcvcTOMep Ans 3aMepoB Mol
— Cementing companies [aBMEHNEM
— Abandoned early 80s — KomnaHuu, 3aHumaroLmecs
LleMEHTMPOBAHNEM

— JlnkBnampoBsaH B Havane 80-x



Tunbl LLEMEHTHbIX PACTBOPOB

Plain Portland cement

— Classes G, H

— Quality control,

reproducibility

— More universal
Class J cement

— Replaced by G/H + Silica
Slag cement

— ~80s Brine resistance

— ~90s Mud compatibility

Others

[TpocTon nopTnaHaUeMeHT
— Knacchl G, H

— KoHTpornb KavecTBa,
BOCMPOM3BOAMMOCTb

— bonee yHuBepcanbHbIN
LlemeHT Knacca J

— 3ameulaetca G/H + kpemHu#
LLInakoBbIN LieMEHT

— ~80-e conpoTuBrieHne CongHomy
pactsopy

— ~90-e coBMeCTMMOCTL C OYpOBbIM
pacTBOPOM

[Tpoune



Use of Cement
Vicnonb3oBaHme LeMeHTa

« USA « CLLA

— ~80% class Hand G — ~80% knaccbl Hn G

— ~10% class A, ~ 10% Class C — ~10% knacc A, ~ 10% Knacc C
+ Rest of the world (international ~ * B APyrUX cTparax (MexayHapoaHble

CEPBHUCHbIE KOMMNaHUK)
— >95% knacc G (4acto umnopTupyetcs)
— Knacc A vnu C; unu mecTHbIN 00ObIYHbIN

service companies)
— >95% class G (often imported)

— Class A or C: or local common LIeMEHT : nmpeanoyTuTensHO TMna V
cement: preferentially Type V (ASTM), unn CEM-1 42.5 umn 52.5 (EN
(ASTM), or CEM-142.5 or 52.5 (EN 197-1)

197-1) * Y4eT NorucTrkm
* Logistics allowing * [lpn xopoLuem unm ymepeHHoMm
» If good and even quality Ka4ecTse
+ If adequate quality control * lpy cooTBETCTBYHOLLEM KOHTPOME

Ka4yeCTBa



* AP| Committee 10
« |ISOTC67/SC 3/WG 2
¢ |SO 10426 — well cements

From AP to ISO (since 1998)
oT APl 0o ISO (¢ 1998 r.)

ISO 10426-1 (ANSI/API 10A) - _
specification

ISO 10426-2 (ANSI/API RP 10B-2) -
testing _

ISO 10426-3 (ANSI/API RP 10B-3) -
deepwater wells _

ISO 10426-4 (ANSI/API RP 10B-4) - foam _
cement

ISO 10426-5 (ANSI/API RP 10B-5) - _
shrinkage/expansion

ISO 10426-6 (ANSI/API RP 10B-6) — static
gel strength

* QOther work groups:

Evaluation (logs), High Temperature, Deepwater...

« API Komutet 10
« |ISOTC67/SC 3/WG 2

« [SO 10426 — tamnoHaxHble LeMEHTBI

1ISO 10426-1 (ANSI/API 10A) - cneumgukaums

ISO 10426-2 (ANSI/API RP 10B-2) -
TECTUPOBaHWe

ISO 10426-3 (ANSI/API RP 10B-3) -
rny0oKOBOAHbIE CKBaXUHbI

1ISO 10426-4 (ANSI/API RP 10B-4) - neHouemeHT

ISO 10426-5 (ANSI/API RP 10B-5) -
ycaaka/paclmpeHrue

ISO 10426-6 (ANSI/API RP 10B-6) -
CTaTM4eCKoe HanpsXxeHne casura

o [pyrne paboyme rpynnbi:

OueHka (kapoTax), BblcOkas Temneparypa,
rny6boKoBOAHbIE. ..



Cementing: A Necessary Evil?
LleMeHTUpOBaHMe: HeOOXoAMMOE
3N07?

Evolution of Equipment and Technology,
and an Outline of Their Shortcomings

DBONOLMSA 000PYAOBaAHNSA M TEXHOMOIUK,
n 0630p HegoCTaTKOB



Technology Older Than a Century
TexHonorus ctapee Beka

* First well cementing ~ 1903
— Perkins Oil Well Cementing Co., Calif.

— Shovel/cement mixer

* [lepBoe UemeHTUpoBaHue ckBaxuHbl ~ 1903
— Komnanus Perkins Oil Well Cementing Co., KanudopHus.
— JlonaTouYHbIN/LEMEHTHBIA MUKCEP

* First use of an eductor
— Jet mixer invented 1921
— “High pressure” mixing
— Inuse till the 1970s
« Still used by some

* Gravity cement feed

* [lepBoe npumeHeHne agykTopa
—  W306peTenune rugpocmecutens B 1921 .
— CwMelLeHue npu “BbICOKOM AaBneHUn”
— Wcnonb3osancsa go 1970-x
* KTO-TO 4O CMX NMOp €ero ucnonb3yeTt
* [logaya LemeHTa CaMOTEKOM




Primary Cementing Objectives
[ NaBHble 3a4a4u LleMEHTUPOBAHUA

» Casing anchor (axial support)

* Protection against corrosion and erosion — Hole
CkBaxuHa
* Support of borehole walls
» Zonal isolation |
Casing
ObcagHas
KOJNTOHHA
o fAkopb 06CagHOM KOMOHHbI (OCEBAS oot
onopa) Gas zone
o 3aLiuTa oT KOpPPO3nK 1 3po3unn ngoBaﬂ
J1aCTb
* Onopa BHYTPUCKBAXUHHbIX CTEHOK
Oil zone

* Pa3o0OwweHne nnacToB

HedTaHas
obnactb



Unsuccessful Zona

NPV

"eyaayHoe pa3obLuer

SO

ation

Ue I

J1aCTOB

404

Interzonal fluid flow Riskto HSE = ACP/SCP

MexnnacTtoBoe

ABWXEeHMe ronaa

Remedial
OnacHocTb work prod”
OTBOC Wcnpasute PaHHsIS
NbHblE 00BOJHEHH
paboTbl OCTb

Early water | oss of prod?—+0ss of weli

CHuxeHune
MPOAYKTUBHO  MyTeps
cTu CKBaXWHbI



Cementing Process at Surface
[TpoLiecc LieMeHTUPOBAHMSA Ha NOBEPXHOCTY
Blend

Cement

CmeLLeHu
LlemeHT I e
LleMEHTHO
Dry Additives i Dosing &
Cyxue nobasku Mixing

[lo3snpoBaHue
Additives N CMELLEHNne
[100aBKkM

umpi Homogenizing/
g Control
3aKauk ["omoreHusauusi/
a KOHTPOIMb

Well

Ha




Handling Dry Cement / PaboTta ¢ cyxum LleMeHTOM

 From cutting sacks to pneumatic hane
Ot yMakoBKK B MELIKM A0 NHEBMATU4ECKO

— Storage / XpaHeHue
— Transport / TpaHcnopTnpoBka
— Blending/ CmelumBaHue




Control of Mixing
KOHTpOnb npouecca NpUrotToBneHns LIeMeHTHON CMecH

\ 4
+ LIEMEHT
SG-3.2

Yy 4 SLURRY SG ~1.9

A— PACTBOP SG ~ 1.9

Density Control




Cement Quallt)s( Slurry Performance
KayecTBo LieMeHTa apaKTepI/ICTI/IKI/I LlEMEHTHOTO

pacTBopa
= W/C ratio; extender; weighting
agent OTHoLeHe
Density BOAa/LIEMEHT; HANOMHUTENb;
MnotHocTs VTSDKENUTESb
Early strength > Viscosity = Dispersant / viscosifier
BbicTpoe 0.6 BsiskocTb
3aTBepaeBaHue o = [lncnepcaHt/ 3aryctutens
/ < \ = Anti-settling agent

Pump time

Bpems 3akayku 3arycTeBaHue BELLECTBO

= Fluid loss agent

|ati
/ Gelation = [poTuBOOCAXdatoLLEe
v [NoHM3MTENDL PUNBLTPALINK

Free fluid

Dehydration
Oerngpauunn

Ceo6oauniin hntoua +  Retarder/accelerator

Stability = 3amennurenb/ yCKOpUTESb
CTOMKOCTb




Cementing Additives Key Milestones
KntoyeBble MOMEHTbI B UCTOPUK Pa3paboTKu

LEMEHTHbIX J0DaBOK

_ ~ *JlurHocynb@oHaThl U LieNnnonosHble
Lignosulphonates and cellulosics  nonumeps

Sugars and superplasticizing Caxapa v cynepnnactudgukaTopsl (~

agents (~ 1960s) 1960-¢)
Polyamine/imine ( ~1970s) *[TonnamuHbl/mmuHbl ( ~1970-e)
SB Latex ( ~ 1980s) *SB natekc ( ~ 1980-e)
Colter-polymers AMPS (~ 1980s) «Co/tpu-nonumepbl AMPS (~ 1980-¢)
— Temperature stability — TennoycTon4nBOCTb
Biopolymers (~ 1990s) brononumeps! (~ 1990-¢)
— Not based on Xanthan gum — He Ha oCHOBe KCaHTaHOBOW CMOJTb|
Environmentally friendly additives «3konornyeckue ynctble fobaBkm (KoHel
(end 1990s) 1990-x)

— OSPAR (OSlo-PARis) convention  —KonseHuust OCIMAP (OCno-MAPWxs)
1998 1998 r.



Cementing Process Downhole
[lpoLiecc LeMEHTUPOBAHMS BHYTPU CKBAXMHBI

o Failures identified 30-40s
* Field practices
— Turbulent displacement
* High Reynolds ~50s
* 10 min contact ~60s
— SloFlo / Plug Flow ~70s
* Fluid with yield stress

» [edekTbl, BbiABneHHble B 30-40-e
* [lpoMbICrnoBbIE TEXHOMOMMM
— TypbyneHTHOE 3aMeLLEHNE
 bonbLoe yncno PenHonbaca ~50e
* 10-T MUH. KOHTaKT ~60e
— SloFlo / Mpobkosbin pexum ~70e
 Oriioma ¢ npeaenom TekyvecTu




Cementing Process Downhole
[Tpouecc UEMEHTUPOBAHMSI BHYTPU CKBaXXKUHbI

* Displacement studies * WccnenoBanus npoLecca
— Yield stress fluids ~end 60s SEITECHERIA
— O®niouabl npeaena Teky4ecTu
— Mobility ratio/differential ~KoHel| 60-x
velocity ~70s — KoathduumeHT noaBMKHOCTH

/pasHocTb ckopocTen~70-e

~ "Pump as fast as you can — “BakaymBaiTe kak MOXHO bbicTpee”

— All semi-empirical — Bce nonyamnupuyeckue
+ Very mixed result * Kpaiie npotveopeueie
— Even in vertical wells — [laxe no BepTMKarbHbIM

CKBaXWHaM



Mud Removal Modeling
MogenupoBaHue npoLecca BblTeCHEHUS BypoBOro pacTeopa

More complex wells

— Deviated, horizontal & extended reach

Bonee cnoXxHble CKBaXWUHbI

- HaKJ'IOHHO-HaI'IpaBJ'IeHHbIe, rOPU3OHTAllbHbIE N C
BonbLUMM OTXOOOM OT BEPTUKAIN

More critical wells

— Deepwater, high-pressure high-temperature

Bonee KPUTUYHbIE CKBaXXUHbI

— [nybokoBOAHbIE, C BbICOKMM AABIIEHNEM, BbICOKOM
TeMnepaTypou

Importance for Zonal Isolation
— Very difficult modeling
— Computational Fluid Dynamics (CFD) tools

not applicable

BaxHoCTb Ans pasobLeHns nnacTos
— KpanHe crnoxHoe mogenuposaHue
— [Mpunbopbl Ans BbluncneHns auHamuku dntonga (CFD)
HE NPUMEHNMB!




Mud Removal Modeling
MogenupoBaHue npoLecca BblTeCHEHUS BypoBOro pacTeopa

Eccentricity effects
— Modeling ~ end 80s
— Turbulent/Effective Laminar Flow

— Rheology/Density contrast
O deKTbl IKCLEHTPUCUTETA

—  TypbyneHTHbIN/ 3hEKTUBHLIA NAMUHAPHLIA |8 !_:1 o sl ' .l:i " e

— MogenupoBaHue ~ koHel, 80-x
NOTOK

— ConocraBneH1e peonori /MnoTHOCTU

Erodability / PDGM concept

— Polymer muds

KoHuenuus sapoanpyemoctn / PDGM
— [lonumepHble BypoBble pacTBOPLI

Numerical 2D Modeling (2002)

Ynucnosoe 2D mopenuposanue (2002 r.)

Lubrication analytical model (2003)

PacyetHas mopenb cmasku (2003 r.)




Mud Removal Modeling

MogenupoBaHu1e npoLiecca BbITeCHEHIs BYpoBOro pacTeopa




0 Displaceme allo
C r DOLC d Bbl | C = A OVDOBOIO Do =10]0)s
) ) 0 AISO a0l deC
Geometry Rheology Fluid type CPU time
['eomeTpus Peonorug Tun pntonga | CyeTHOE Bpems
Newtonian Same :
A HbloTOHOBCKas Takou xe W iR
Newtonian Different
2D HbOTOHOBCKAS Npyrow 2-4 hours/+acos
. . Different y
2D Viscoplastic TIpyroi 4-8 days /nHen
Newtonian Different
3D HbloTOHOBCKas Npyrou 15 hours /4acos
. . Different 1 month?
3D Viscoplastic Tpyroi 1 mecsiL?




Cement Evaluation Logs
eMEeHTa

Sonic logs
— CBL ~60s
— Compensated CBL ~80s
— Segmented Compensated

AKYCTUYECKMI KapoTax
—  Akyctunyeckun uemeHtomep (CBL) ~60-es
— KomMneHcrpoBaHHbIN akyCTUYECKUH |

LemeHTomep ~80-e
- CeI'MeHTVIpOBaHHbIVI KOMIMEHCMPOBaHHbI

Ultrasonic logs
— 8 sensors ~80s
— 1 rotating sensor ~90s

YnbTpa3ByKoOBOW KapoTax
— 8 garumkos ~80-e
— 1 Bpaularowmica gartymk ~90-e

=c
--A--- N I
| T T T 1T 1T 1T 1 b1 71

i



Cement Evaluation Logs
[lnarpammbl KayecTBa LIeMEHTA
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Cement Evaluation Logs
[lnarpammbl kayecTBa LieMeHTa

*Flexural Attenuation (2006)

— 1+ 3 sensors

— Full cemented annulus width

— Jrd interface

— Differentiate lightweight cements from
liquids

— Confirm hydraulic isolation

— Visualize casing in borehole

*OnekcypHoe 3atyxaHue 2006
— 1+ 3 patyuka
— 3aTpybHOE NPOCTPaHCTBO,
3aLEMEHTUPOBAHHOW MO BCEN LUUPUHE O e
— 3-5 NOBEPXHOCTb T
— OTtnmnymne 0bnerdyeHHoro LieMeHTa ot - . —
XMIKoCTEN e
— [NoaTteepxaeHne ruapaBnuyeckon N3onsauum '
hydraulic isolation
— Busyanusauus o6cagHoi KONIOHHbI BHYTPU

CKBaXWHbI

—




Cement Evaluation Logs
[lnarpammbl Ka4yecTBa LileMeHTa

AKYCTUYECKMM KapoTax
—  Axyctnyeckun uemeHtomep (CBL)
~60-es
— KomneHcnpoBaHHbI akyCTUYECKNN
LemeHTomep ~80-e

—  CermMeHTMpOBaHHbIV
KOMMEHCUPOBAHHbIN

YnbTpa3sByKoBOW KapoTax
— 8 patuukos ~80-e
— 1 Bpawarowwmiica gatumk ~90-e
OrpaHunyeHns guarpamm
aKyCTMYECKOro LlemeHTomepa
— [MpoYHOCTL UNK CONPOTUBASIEMOCTb
~80-e
— Mukpo 3a30pbl Mexay obcagHom
KOMOHHOW W LIEMEHTHBIM KaMHeM /
N3onaumusa???
—  MuKpO HapyLLeHuns cLenneHus
~cepeanHa 90-x

— [loBepxHOCTb 06CaAHON KONMOHHDI
NCKMIOYNTESTBHO

o : d
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Alternative Isolation Techniques
AnbTepHaTUBHbIE MeTOAbI
U30NALUN

Other Fluids and Mechanical Means
[Tpoyne dntonabl 1 cpeacTBa MexaHW3aLmMy



Organic Resins
OpraHuyeckne cMorbl

» \ery limited applications KpanHe orpaHu4eHHoe NpUMEHEHME

— Cost — 3arparbl

— Shelf-life — CpokK rogHocTH

— Sensitivity — YyBCTBUTENBHOCTD

— Health, safety, and — OxpaHa TpyAaa, TexHuka
environment be30nacHOCTH 1 0XpaHa

— Compatibility (water, mud...) ~ OKPYXatOLLEN CPEAb

_ Placement — CoBmecTMOCTb (C BOAOW,

OypoBbIM PacTBOPOM...)
— Pa3melleHne



Mechanical Systems / MexaHn4yeckue cuctembl
Complementary to cement

— Casing drilling, expandable casing (EC)
— Swellable elastomer layer

[1ononHUTENBLHO K LEMEHTY

— bypeHue Ha obcagHbIx Tpybax, paclumpsiowasnca obcagHas
kKonoHHa (EC)
— Cnoit HabyxatoLero anacTomepa

Exclusive of cement

— EC/ Casing with (oil or water) swellable packer

— Another form of completion

* May still require cement for most other casings

bes LemeHTa

— EC/Ob6cagHas konoHHa ¢ (HedpTb M Boda) pasdyxatoLwmm

rakepoMm
— [pyras hopma 3aKaH4YMBaHMS

* LlemeHT MoxeT notpeboBaTbCs Ans OOMbLUMHCTBA APYrUX =
00caHbIX KONOHH —

1 A g Nl
gl.l.t.il_..l‘l:‘._i_l._“_\‘l_t_l,._t




Today’s Well Challenges and
Versatility of Cement
CoBpeMeHHble nNpobrieMbl CKBaXWH
W 3KcnnyaTaunMoHHas rmbKocTb
LleMeHTa



New Reservoir Isolation Challenges
HoBble Npobnemb! 30NSLMK NNACTOB

+ Crapble 1 UCTOLLAKLLNECS MECTOPOXAEHUS

» Aging and depleting fields
c ot () — 3akaH4mBaHusl Npu bonee HU3KMX
— Completions at lower pressures NaBMEHMsX

— Steam injection, stimulation — 3akayka napa, MHTEHCUMKALIMA NPUTOKA
— Workovers and repairs — KanutanbHbIit pEMOHT 1 TEKYLLIME
. PEMOHTHbIE PabOTb|
PIuggmg and abandonment _ 3aKpbITHE M TIMKBITALMS
* Exploration and new developments
— Isolation under higher pressure and ¢ Pa3sBeaka 1 HoBble pa3paboTkm

temperature — W3onauusa npu 6onee BbICOKOM JaBMNEHWN
, n Temneparype
— Very narrow pore/frac pressures margin - _ y\1anaq DA3HOCTb MEXTY NOPOBLIM
— In deeper water and at colder NaBMNeHNMeM 1 AaBNEHNEM rMapopa3pbIBa
temperatures — B rnybokux Bogax 1 npu 6onee HU3KUX
TEMnepaTypax



Need for Ultra-Low Density
HeobxoaMMOoCTb CBEPXHMU3KOM MMOTHOCTY

* Conventional Cement Slurries
— Directly linked to W/C ratio
— Slurry
* Very low rheology
o Stability
— Set cement
* Very low strength, high permeability, . .
very long setting times
*  OBblYHbIE LIEMEHTHbIE PACTBOPSI
- Hal'lpﬂMy}O CBA3aH C BOAOUEMEHTbIM
— PactBop

* KpanHe Hu3Kas peonorus
* YCTOMYMBOCTb
— 3artBepaeBLNA LLEMEHT

y KpaﬂHe HU3KaA MPOYHOCTb, BbICOKaA NPOHNLAEMOCTb,
NPOAOIMKUTENIbHOE BPEMA CXBaATbIBAHUA




Need for Ultra-Low Density

Heob6XxoaMMOCTb CBEPXHU3KOW MIIOTHOCTM

* High performance /high solid cements
— Adapted from concrete industry

— Same water/solid ratio at all densities
 From 900 to 2800 kg/m3

— Similar rheology

— High strength, low permeability

* BbICOKOKa4Y€CTBEHHbIA/KpaiHe TBEPAbIN
LLEMEHT

— 3anMCTBOBAH M3 LIEMEHTHOMN MPOMbILLTIEHHOCTH

— OpmHakoBoe 3HaYeHne BOAOTBEPAOBOIO
OTHOLLEHUSI NpW MO0 NNOTHOCTM

« 01900 o 2800 kr/m3
— CxopgHasi peonorus
— Bbicokast NpoYHOCTb, HU3Kas MPOHULIAEMOCTb




Slurry Quality Control?
KOHTpOnb KayecTBa LieMeHTa
* () -

density 1.0?

Y10, ecnu nnotHocTb 1.0?

Solid Fraction Monitoring
MoHUTOPUHT TBEPAOU drpaKLmu

”




Well Architecture and Logistics
[TocTpoeHme CKBaXMHbI K NOTUCTUKA

* Lighter isolation-quality cements
LlemeHTbl, 0BnapatoLme ka4ecTBom bonee nerkou
M30nALnK
— Depleted reservoirs
VIcTOLLEHHbIEe KOMNeKTOopb!
— Single-stage cementing
OgHOCTyneH4aToe LEMEHTUPOBAHIE
— Production liner instead of casing
IKCMnyaTaLMOHHbIA XBOCTOBMK BMECTO 00CaHOM KOMOH
* Light cements that set faster at low temperatures
OBneryeHHble LIEMEHTLI, ObICTPO CXBATLIBAOTCS NPU HUSKIX
TemMrneparypax

— Deepwater conductors,
surface casings...

['1y6oKOBOAHbIE HANPABNSIOLLE KOTIOHHBI,
KOHAYKTOPHbIE KOMOHHI. ..




s Isolation Durable?

FABngaeTcs N U3onAUMS yCTOUYMBON?

Cement is strong, but fragile ‘
LilemeHT TBepabIn, HO XPYNKUK .
* Understanding failures
[ToHMMaHWe [OemekToB
— P or Tincreases
P unn T yBenuuusatoTcs
— Drilling, milling, repairs
ﬁgﬁeHme,m3meaneHme,
PEMOHT
— P or T decreases
Punun T cHWxatoTCs
 Modeling capability
Mogaenupytowias cnocobHoCTb
— Parameter sensitivity

quCTBVITeJ'IbHOCTb
napameTpoB

CementB



Casing — Cement
ObcagHas KonoHHa - LiemMeHT

Pressure or Temperature Casing
Increase v ==00CcagHan KONOHHa

YBenuyeHue
AaBNeHUs Unu _
Temneparyphl Tensile Cracks
TpeLwuHbI
pa3pbLIBOB
Cement

LlemeHT



Casing-Cement-Formation
ObcanHast konoHHa-LlemeHT-lnacTt

Pressure or Temperature
Increase
YBenu4yeHue
OaBNEeHUA unu

Temneprﬂm B R IR

Casing

Soft
Formation

Wl qa NOYUR

Cement
LlemeHT



Mechanical Properties
MexaHunyeckun cBoncTea

“Optimized” Mechanical Properties

«OI‘ITI/IMVI3I/IpOBaHHbIe» MeXaHU4YecKne CBOMUCTBa
strength
Compressive =
B .S
Strength £g
[Mpenen NpoYHOCTU S %L
Mpun CxaTnm c o
>
axial strain (compression)
A

= Young's modulus, E
- (ratio of stress to strain)
= Mogaynb HOHra, E
- (omHoweHue HanpsixeHus K decpopmayuu)
= Poisson's ratio, v
- (ratio of lateral strain to axial strain)
= KoadhduumeHT llyaccoHa, v
- (omHoweHue nonepeyvHol Oeghopmayuu K
npodosnbHoOU Oeghopmauuu)
= Tensile strength
= []penen NnpboYHOCTU Ha Pa3DbLIB




Isolation Made Durable / inutenbHas nsonsauus

Controlled flexibility and
expansion

— Isolation maintained during P, T
changes

— From construction to
abandonment

* KoHTponupyembie rmbkocTb u
pacLUMpeHie

— W3ongaums coxpaHsaeTtcs npu
n3meHeHnsx Pu T

— Ot cTpounTensCcTBa 10
NMKBMALMN

100% -

Performance Ratio vs, Normal Cement

® Young's Modulus
Compressive Strength
| Permeabliity
= -

Normal cement

Not flexible Some fNexibility Flexible

LOAD - DISPLACEMENT CURVES




A Tool in Well Architecture
UHCTPYMEHT, ucnonb3yembin Npu
NOCTPOEHUUN CKBaAXWUHbDI

Summary
BbiBOAbI



Cement in the Past
LiemeHT B npoLunom

A necessary evil?
Commaodity?

Heobxogumoe 3107?
[TonesHbIN NPOAYKT?




Cementing Today
LleMeHTHpOBaHME CeroaHs

 Solutions portfolio
 [lopThens peLLeHnm
Early strength — Not only slurry performance

HavapsHasnpo4HoCTh — He TONBKO XapaKTepuUCTUKA
Toughness d \ Final strength LIEMEHTHOTO pacTBopa
MpovHOCTY "\ POYHOCTb LeMeHTa Set material properties

é” \p¥ OKOHYaTenbLHOM YCTaHOBMEHHbIE CBOICTBA
N

CXBaTbIBaHUM AU L

- — Short/long-term well
Permeability requiremgnts

lMpoHnuaeMocTk  Knarko/onrocpouHbie
TpeboBaHNS K CKBaXWHE
Flexibility Shrinkage * Modeling tools
Ynpyroctb Ycagka « CpeactBa MoAenMpPOBaHWS
: — Fit-for-purpose,
el cost-effective system
CxBaTbiBaHue

— Llenesas, sakoHOMKYECKM
ahheKTMBHAA cuctema

Durability
CpoK cnyxob




Cementing Tomorrow: A Technology for the Future
LlemeHTMpOBaHWe 3aBTpaLLHEro AHS:
TexHonorus dbyayLuero

= Evolving cement industry

— Still considerable academic
research

— €02 emissions

— Important engineering
development

= PasBuBatoLlasacs LeMeHTHas
MPOMbILLSIEHHOCTb

— Jlo cux nop NpoBOAATCS Hay4HbIE
nccnegoBaHus

— Buwibpocel CO2

— BaxHble TexHonornyeckme
pa3paboTku




Cementing Tomorrow: A Technology for the Future
LlemeHTMpOBaHWe 3aBTpaLLHEro AHS:
TexHonorus dbyayLuero

= Qilfield cementing industry

— More tools in the toolbox
« Materials, simulators
— Adapt to tomorrow’s well
requirements
— Atrue well engineering technology

= HemTenpombicnosas LeMeHTHas

NPOMBbILLUIEHHOCTb
— bonbLue nHcTpymeHTOB B Habope
 Matepuarnsl, CUMynAToOpbl
— [lpucnocobnexue k TpeboBaHnaM No
CKBaXXMHAM 3aBTPaLLUHErO AHS
— WcTuHHas TexHonorusi NpoeKkTMpoBaHms N
CKBaXMHbI




Cementing Tomorrow: A Technology for the Future
LlemeHTMpOBaHWe 3aBTpaLLHEro AHS:

TexHonorus dbyayLuero

+ Oilwell cementing has evolved * [lpouecc LieMeHTMPOBaHNS HEDTSAHbIX
CKBaXMH NpeTepnen CyLiecTBEHHOe pa3BuUTHe

considerably +  TIPOLECC LIEMEHTVPOBAHMS HE(DTSHBIX
eY : : : CKBaXuH OyneT v Bnpeap ObICTPO
O|vaell cementing will continue to TP E
quickly adapt — [ToSIBATCS HOBbIE LIEMEHTbI OT MPON3BOANTENE
— New cements from cement HEMEHTHBIX MATEPUArios
fact —  WHAOycTpusi LeMEeHTHBIX YCIyr NPeanoXuT
manufacturers HOBbIE MHCTPYMEHTBI
— New tools from cementing service o QuanYeckn akTMBHbIE, XMMUYECKN PEAKTUBHbIE
. d t WNn NHEPTHbLIE MaTepuansbl
INAUSEry « CpeqcTsa NpoeKTMPOBaHNS/ MOAENMPOBaHUS
* Physically active, chemically re-active npouecca
or inert materials — WACTMHHAs TEXHOMOrMA NPOEKTUPOBAHNS
5 desian/simulat CKBaXMHbI
rocess design/simulation means 1, roneciioe Gynyuiee
— Atrue well engineering technology — WHTerpupoBaHme B NpoLiecc NPOEKTUPOBAHMS U

. An |nterest|ng future CTpoUTENIbCTBA CKBAXWHbI

— Integrated in well design & construction
process



Thank you for your attention
- Cnacubo 3a BHUMaHue
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